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Analysis of blood lipids composition 137
Blood lipid indexes evaluated in this study included triglyceride (TG), total cholesterol (TCH), 138 high-density lipoprotein cholesterol (HDL-c), and low-density lipoprotein cholesterol (LDL-c). The 139 specific measurement procedures and final calculations were performed according to the 140 specification of the TG, TCH, HDL-c, and LDL-c assay kits (Jian Cheng Biotechnology Co., Ltd., 141 Nanjing, China). 142
Analysis of oxidative stress index 143
There are four main indexes for characterizing oxidative stress. Malondialdehyde (MDA) is a final 144 product of the lipid oxidation process and was measured according to an MDA assay kit (Jian Cheng 145 Biotechnology Co., Ltd., Nanjing, China). Superoxide dismutase (SOD) was determined using an 146 SOD assay kit (Jian Cheng Biotechnology Co., Ltd., Nanjing, China). Glutathione peroxidase (GSH-147 PX) was measured using an assay kit (Jian Cheng Biotechnology Co., Ltd., Nanjing, China) and the 148 activity was calculated according to the manufacturer's instructions. The Total antioxidant capacity 149 (T-AOC) was determined using a T-AOC assay kit (Jian Cheng Biotechnology Co., Ltd., Nanjing, 150 China) according to the manufacturer's instructions. 151 9
Determination of hepatic lipid metabolism enzymes 152
The detection of the liver functional metabolism mainly includes three indices reflecting the 153 aspartate transaminase (Nathalie et al.), alanine aminotransferase (ALT), and alkaline phosphatase 154 (ALP) activities. The aspartate aminotransferase (AST) activity was measured by colorimetric 155 analysis using an AST assay kit (Jian Cheng Biotechnology Co., Ltd, Nanjing, China). The ALT 156 activity was measured by colorimetric analysis using an ALT assay kit (Jian Cheng Biotechnology 157
Co., Ltd, Nanjing, China). The ALP activity was measured by standard oxidation using potassium 158 ferricyanide. 159
Liver histology and analysis 160
The liver tissues were placed in 10% neutral formalin liquid for 12 h, which were then dehydrated 161 using 30%, 50%, 70%, 80%, 90%, 95% and 100% ethanol solutions, respectively, and washed in 162 xylol. Then, the liver tissues were embedded in paraffin (BMJ-III embedding machine, Jiangsu, 163 China). Finally, they were stained with hematoxylin and eosin (H & E) and observed by light 164 microscopy at 200× magnification. 165 2.5 Microbial community analysis 166 2.5.1 Feces samples collection, DNA extraction, and 16S rRNA gene sequencing 167 Feces samples were collected in a sterile container and immediately stored at −80 °C until further 168 processing. Total genome DNA from samples was extracted using the hexadecyltrimethylammonium 169 bromide/sodium dodecyl sulfate (CTAB/SDS) method (Caporaso et al., 2010) . The DNA 170 10 concentration and purity were monitored on 1% agarose gels. The 16S rRNA genes of distinct 171 regions in V4 were amplified using the specific primer of 515F-806R. All polymerase chain reaction 172 (PCRs) were carried out with a Phusion® High-Fidelity PCR Master Mix (New England Biolabs). 173
The same volumes of 1× loading buffer (containing SYBR Green I) were mixed with PCR products 174 and electrophoresis was operated on 2% agarose gels. Sequencing libraries were generated using a 175
TruSeq® DNA PCR-Free Sample Preparation Kit (Illumina, USA) following manufacturer's 176 recommendations, and index codes were added. Finally, the library was sequenced on an 177 IlluminaHiSeq2500 platform and 250 bp paired-end reads were generated. 178
Intestinal microbiota analysis 179
After the removal of the low-quality sequences, pyrosequencing errors, and chimera, all the 180 sequencing reads were denoised. Sequences of >97% similarity levels were assigned to the same 181
Operational Taxonomic Units (OTUs) (Edgar, 2013) . Representative sequences for each OTU were 182 screened for further annotation. The rare fraction curves and alpha diversity indices (Chao1, ACE, 183 Shannon, and Simpson) were performed using MOTHUR software, and the beta diversity (among 184 samples) was analyzed using principal component analysis (PCA). The function of intestinal 185 microbiota was performed by online phylogenetic investigation of communities by reconstruction of 186 an unobserved states program (PICRUSt, http://picrust.github.io/picrust/). 187
Statistical analysis 188
All analyses were conducted in triplicate and statistical analyses were performed using the 189 The initial body weights between the two groups were not significantly different (P > 0.05), showing 202 the rationality of the grouping method. From the start to Week 4, there were apparent decreasing 203 trends of the body weight and food intake for both of the groups. Afterwards, both the body weight 204 and food intake gradually increased. At the end of Week 8, the body weights of mice in these two 205 groups were 30% higher than their initial values, and General Linear Model (GLM) analysis showed 206 no significant difference (week × group interaction) between the two groups (P > 0.05). 207
After the 8-week intervention, the perirenal fat, epididymal fat, and total fat-to-body ratio of the 208 HMT-DM group mice were significantly higher than those of the DM group mice ( Table 2 shows the blood glucose, insulin, and blood lipid levels of the two groups of mice. 213
Previous research has shown that the blood glucose level of C57BL-6 mice was normally 6-10 214 mmol/L (Rodríguez, Limón-Pacheco, Del Razo, & Giordano, 2016), which was slightly lower than 215 those of two experimental groups after the 8-week intervention. This observation indicated that both 216 native rice starch and HMT-modified rice starch could stabilize the blood glucose level and reduce 217 the speed of change into a hyperglycemia condition. In addition, the blood glucose level of the HMT-218 DM group was significantly higher than that of the DM group (P < 0.05), which might be related to 219 the increased RDS content and greatly decreased SDS content after HMT. The result confirmed that 220 the SDS content has a strong impact on the regulation of the blood glucose level as also shown in 221 recent studies (Kittisuban, Lee, Suphantharika, & Hamaker, 2014; Wolever et al., 2016) . 222
After the intervention, the serum insulin levels of these two groups were all within the normal 223 range (Seghers, Nakazaki, Aguilar, & Bryan, 2000) . Nonetheless, compared with the DM group, the 224 HMT-DM group displayed a significantly higher serum insulin level (P < 0.05), indicating a higher 225 insulin resistance of the HMT-DM group than that of the DM group. Thus, the HMT-modified rice 226 starch intervention reduced the biological effect of insulin as well as the sensitivity of the insulin 227 receptor tissue to insulin. 228
According to a previous study (Roza, Possignolo, Palanch, & Gontijo, 2016) , the degree of 229 dyslipidemia and the levels of TG, TC and LDL-c were all positively proportional to obesity, while 230 13 the HDL-c level was negatively related to obesity. It has been proved that the abnormal deposition of 231 TG in the liver and skeletal muscles can impair the activity of oxidase and affect the metabolism of 232 glucose and lipids (Zhang, 2016) . In addition, it is widely believed that the abnormal changes in 233 individual blood lipid levels, such as increased TC, TG and LDL-c levels and a reduced HDL-c level, 234 could be the causes of coronary heart disease (Sugawara et al., 2000) . In other words, the blood 235 lipids have a strong relationship with health. Table 2 summarizes the blood lipid levels of the two 236 groups at the end of the intervention period. It can be seen that the TC and TG levels of blood lipids 237 in the HMT-DM group were significantly higher than those of the DM group (P < 0.05), while the 238 HDL-c level was significantly lower (P < 0.05). These results suggest that after the high-fat-diet 239 intervention for 8 weeks, the blood lipid indices of mice in the DM group were better than those of 240 HMT-DM group. In other words, the ability of rice starch in regulating the blood lipid levels was 241 actually reduced by HMT. 242
Oxidative stress indices 243
Oxidative stress causes cytotoxicity and the accumulation of reactive oxygen species in the 244 body (Reeves, Nielsen, & Fahey, 1993) . In this study, the changes in MDA, SOD, GSH-PX and T-245 AOC levels in the serum of mice were examined to understand the influence of native and HMT-246 modified rice starches on these oxidative stress indices. After a high-fat diet intake, a large amount of 247 calorie led to exuberant energy metabolism and hyperglycemia status in mice, which then intensified 248 glucose oxidation to produce excessive oxidative products (Cristani et al., 2016) . Meanwhile, the 249 stronger oxidative ability of excessive oxidative products than the antioxidant capacity could lead to 250 oxidative stress in the body. The reason for the reduced amounts of antioxidant enzymes could be the 251 14 rapid consumption and exhaustion of their storage in the body when fighting free radicals generated 252 during development of obesity (Sathiavelu, Senapathy, Devaraj, & Namasivayam, 2009). The results 253 (Table 3) show a statistically significant increase in serum levels of MDA and GSH-PX, as well as a 254 decrease in T-AOC level for the HMT-DM group compared with for the DM group (P <0.05). 255
Overall, the serum oxidative stress status of mice in the DM group was more effectively improved 256 than that of mice in the HMT-DM group. Thus, it could be suggested that native rice starch, 257 compared with HMT-modified rice starch, could better suppress oxidant stress induced by the high-258 fat diet. 259
hepatic lipid metabolism enzymes 260
The detection of hepatic metabolism enzymes mainly includes ALT, AST, and ALP. In the 261 present study, the activities of AST, ALT, and ALP are increased in the serum, which can be 262 considered an indication of liver damage. Previous studies have shown that cell membrane damage 263 leads to a more prominent increase in ALT and AST activities (Borlak, Chougule, & Singh, 2014) . 264
The data in Table 3 also show that the ALT and AST levels of mice in the HMT-DM group were 265 significantly higher than those in the DM group (P < 0.05). Thus, the increased levels of these 266 enzymes indicated that HMT-modified rice starch may have a significant impact on cellular 267 homeostasis. Overall, these results suggest that compared to the intervention with the HMT-modified 268 rice starch, native rice starch could alleviate liver dysfunction to a certain degree, and could prevent 269 or delay the abnormal liver function caused by fat accumulation. 270 HMT-DM group mice had visible steatosis as well, it contained fewer lipid vacuoles, higher vascular 274 permeability, and more perivascular infiltration than that of DM group did. In other words, the 275 resistance to abnormal liver function caused by the high-fat diet was reduced by the intervention with 276 HMT-modified rice starch. 277
Intestinal microflora 278
The gut is a complex, active, relatively balanced system, of which the type and flora amounts can 279 be changed when the body acquires different kinds of flora from the environment and food 280 (Clemente, Ursell, Parfrey, & Knight, 2012) . Recent research has revealed the function of intestinal 281 microflora for the normal homeostasis of the human body (Hartstra, Nieuwdorp, & Herrema, 2016) . 282 Fig. 3A shows the gut microbiota composition in mice after the 8-week intervention for the two 283 groups. The observed species indices in the DM group was significantly higher than those in the 284 HMT-DM group (P < 0.05), which indicates a higher intestinal flora abundance of the DM group. 285
This result confirmed that when RS reached the colon and degraded by microbes, the degradation 286 products would change the distribution structure of intestinal flora and reduce its species abundance. 287
In addition, the PCA analysis diagram based on OTU abundance showed two relatively separated 288 macroscopic distribution profiles, accounting for the apparent difference in the microbial structure 289 between the DM group and the HMT-DM group. To further analyze the difference in microbial 290 structure between the two groups, a weighted UniFrac distance matrix was constructed (shown in 291 Fig. 3B) . Interestingly, the difference within the HMT-DM group was larger than that within the DM 292 group based on the level of a single sample of OTUs. 293 16 Then, we analyzed the statistical results of species percentage among different species 294 classification levels. At the phylum level (shown in Fig. 3C) , bacteria between the two groups were 295 mainly composed of Bacteroidete, Firmicutes, and Proteobacteria. These three bacteria took up 296 about 45.8%, 31.6% and 17.7% in the DM group mice whereas those in the HMT-DM group mice 297 were 45.2%, 24.3.0%, and 24.4%, respectively. Thus, there were significant differences in the 298 percentage of Firmicutes and Proteobacteria between the two groups (P <0.05). 299
At the family level, the microbial structure and relative abundance in the two groups of mice were 300 also shown in Fig. 3C . The proportions of Ruminococcaceae, Lachnospiraceae, 301
Porphyromonadaceae, and other bacteria in the DM group were slightly higher than that in the 302
HMT-DM group. The ratios were 7.1% vs. 4.2%, 7.6% vs. 4.1%, and 3.6% vs. 1.9% (DM vs. HMT-303 DM), respectively (P <0.05). At the same time, the proportions of some species of the intestinal 304 microflora in the HMT-DM group, namely Helicobacteraceae, Erysipelotrichacea, 305 Desulfovibrionaceae, and Bifidobacteriaceae, were significantly higher than that in the DM group, 306 and the ratios were 17.5% vs. 6. 6%, 23.0 vs. 18.6%, 10.6% vs. 6.4%, DM), respectively (P <0.05). Studies have shown that the digestive tract adenoma or cancer of the 308 organism are correlated positively with Ruminococcaceae, Porphyromonadaceae, and 309
Lachnospiraceae (Frank et al., 2007; Meehan & Beiko, 2014) , and negatively with Bacteroides, 310
Bifidobacteriaceae and Desulfovibrionaceae (Panasevich et al.) . Therefore, it could be speculated 311 that when RS entered the colon and degraded by microbes, the degradation products could 312 effectively inhibit the growth of some species of intestinal bacteria such as Ruminococcaceae, 313
Porphyromonadaceae and Lachnospiraceae, but meanwhile stimulate the growth of Bacteroides, 314
Bifidobacteriaceae and Desulfovibrionaceae, which could suppress the occurrence of digestive tract 315 adenoma and cancer. 316
Metagenomics analysis using the linear discriminant analysis effect size (LEfSe) method was 317 performed to compare the microbial community composition and its abundance diversity in feces 318 between the two groups of mice from the phylum, class, order, family and genus levels, and to 319 further select the dominant flora of microbial communities in the two groups. It can be seen in Fig. 4 320 that there were large differences in each level of microbial communities between the two groups. 321
According to the LDA score, the dominant bacteria in the HMT-DM group were Bifidobacterium, 322 while S24-7, β-proteobacteria, and Proteobacteria occupied important places in the DM group. 323
Some previous opinions considered that bifidobacteria were one of the probiotics associated with the 324 glucose and lipid metabolism (Martorell et al., 2016; Patterson et al., 2017) . When the disorder of 325 glucose and lipid metabolism occurred, there was a decrease in the bifidobacteria content in the gut. 326
In contrast, a higher amount of bifidobacteria contributed to normalizing the blood glucose and 327 blood lipid levels. However, here, the content of bifidobacteria in the HMT-DM group mice was 328 higher than that in the DM group, though the indices on blood glucose and blood lipids in the HMT-329 DM group mice were still worse than those in the DM group (see Table 1 and Table 2 ). These 330 differences were mainly due to the high sugar environment produced by the high-fat diet, which led 331 to lower activity of functional enzymes in the gut. Therefore, SDS showed more powerful effects on 332 regulating blood glucose and lipids. 333 
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